27 Abbreviations: FRESH, freeform reversible embedding of suspended hydrogels; POI, 28 parameter optimization index; SA, sodium alginate; 2 29 Abstract 30 There are many parameters in extrusion-based three-dimensional (3D) bioprinting of 31 different materials that require fine-tuning to obtain the optimal print resolution and cell 32 viability. To standardize this process, methods such as parameter optimization index (POI) 33 have been introduced. The POI aims at pinpointing the optimal printing speed and pressure 34 to achieve the highest accuracy keeping theoretical shear stress low. Here we applied the 35 POI to optimize the process of 3D bioprinting human neuroblastoma cell-laden 2% sodium 36 alginate (SA) hydrogel using freeform reversible embedding of suspended hydrogels (FRESH).
7 146 40°C. After overnight incubation at 4°C, glass container with gelatin was filled with cold 0.16 147 mg/ml of CaCl 2 and cooled at -20°C until ice crystal formation was apparent. Subsequently, 148 the mixture was blended using the supplied blender (Allevi) in 3 pulses of 30 seconds 149 followed by 30 second breaks between to reduce introduced heat. The resulting blend was 150 centrifuged in 50 ml falcon tubes at 4000 RPM for 2 minutes at 4°C and supernatant was 151 discarded. Gelatin collected at the bottom was resuspended using cold 0.16 mg/ml CaCl 2 and 152 centrifuged again using the same settings. This step was repeated several times until no 153 white foam was observed on top of the supernatant. Directly before printing, the gelatin 154 slurry was resuspended in cold CaCl 2 and spun down at 1100 RPM for 5 minutes and the 155 supernatant was discarded. The remaining gelatin was used to fill wells in a 24-well plate.
156 Water-absorbent tissue was laid on top of the wells to draw excess water from the support 157 slurry.
159

3D Bioprinting using FRESH method
160 For each 3D print FRESH method was applied as described previously [18] with some 161 modifications. The Allevi 2 3D bioprinter (Allevi) was used for material deposition in support 162 gelatin slurry using pneumatic extrusion. Each time, a 2.54 cm long 30G blunt needle (Allevi)
163 was used in combination with a 10 ml syringe (BD Biosciences). After printing, 100 mM CaCl 2 164 was added to each well containing a scaffold and the plate was placed in the incubator at 165 37°C and left there for 20 minutes until the gelatin completely dissolved. Afterward, the 8 177 to create G-code files. Using Slic3r, the designs were sliced with a line height of 0.2 mm.
178 Printing parameters used for the POI determination are described in the Table 1 . 201 Where D G = needle gauge, p = extrusion pressure, t line = printed line width, POI MAX = the 202 highest POI score found, n = total amount of parameter combinations. POI i score can assume 203 values between 0 (the worst) to 1 (the best). 223 Results were considered significant at p ≤ 0.05. For correlation between pressure and 224 viability of cells at 24h, Pearson correlation was calculated.
288 Next, we used 2% SA mixed with SK-N-BE(2) cells to FRESH bioprint a four-layer lattice (Fig.   289 4) . 7.5, 10, and 12.5 psi pressures were used at 8 mm/s. 5 psi pressure was not used due to 290 poor mechanical properties of the prints. The highest speed from the previous tests was 291 applied, as this resulted in the highest POI scores in each pressure condition (Fig. 3c ). Such 292 constructs were cultured for up to one week and viability assay was performed at 24h and 7 293 days. 299 of cells were viable at 7.5 psi, however, it was more than doubled at 10 psi (40% of live cells) 300 and 52.5% viability for the highest pressure ( Fig. 5a, b ).
302
The post-printing cell viability after 7 days was notably higher with 62% at 10 psi and 303 reaching significant difference at 83.7% viability at 12.5 psi (p = 0.03). Constructs printed 304 with 7.5 psi were more fragile than others, and did not withstand the staining process for 
